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Chest X-rayAbstract Background: Although conventional chest radiography remains the ﬁrst routine radio-
logic examination in mechanically ventilated patients, chest ultrasound provides more accurate
information, with less ionizing radiation and less time delay.
Objective: To compare between sensitivity of chest ultrasound and routine daily chest X-ray in
diagnosis and follow up of diseases in mechanically ventilated patients admitted at Respiratory ICU
of the Ain Shams University Hospital.
Design: The study was carried out as a prospective analytical study.
Patients and methods: The study was conducted upon twenty-ﬁve mechanically ventilated
patients (16 male patients and 9 female patients), with a mean age of 58.8 years (SD ± 15.64)
who were admitted at the Respiratory Intensive Care Unit of the Ain Shams University Hospital
during the period from October 2012 to May 2013. Chest ultrasound examination was done for
patients on mechanical ventilation on the ﬁrst day of enrollment prior to seeing their chest X-
ray, then follow up daily chest ultrasound examination was done over the entire period of mechan-
ical ventilation with comparison of examination results with that of chest X-ray.
Results: Initial chest ultrasound was more sensitive in the detection of pleural effusion (40% of
cases) than chest X-ray (8% of cases). This superiority of chest ultrasound over chest X-ray per-
sisted in follow up studies (44%, 8% respectively). As regards consolidation, there was no statisti-
cally signiﬁcant difference between chest ultrasound (consolidation was detected in 16 out of 25
cases) and chest X-ray (consolidation was detected in 15 out of 25 cases) in the initial studies,
and also along the follow up period, chest ultrasound detected consolidation in 17/25 patients, while
CXR detected consolidation in 18/25 patients. In the follow up of ﬁve mechanically ventilated
patients with no obvious radiologic abnormalities on chest X-ray, initial and follow-up ultrasoundrculosis.
858 M.M. Khalil et al.was also free and detected no localized abnormality. There was a statistically signiﬁcant relationship
between chest ultrasound ﬁndings in cases with pleural effusion and in cases with consolidation and
clinical progress.
Conclusion: Chest ultrasound is a reliable tool for evaluation of mechanically ventilated patients.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest
Diseases and Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Mechanical ventilation is an essential life support for patients
in the intensive care unit, emergency department and operating
room who cannot sustain adequate homeostasis through spon-
taneous ventilation. This life saving modality is implemented
in a wide spectrum of clinical situations that result in respira-
tory failure, whether being hypoxic or hypercapnic, acute or
chronic. The wide breadth of causes of respiratory failure
encompasses many specialties in both adult and pediatric prac-
tices especially pulmonary medicine [1].
Mechanical ventilation is indicated when the patient’s spon-
taneous ventilation is inadequate to maintain life. It is also
indicated as prophylaxis for imminent collapse of other phys-
iological functions, or ineffective gas exchange in the lungs.
Because mechanical ventilation only serves to provide assis-
tance in breathing and does not cure a disease, the patient’s
underlying condition should be correctable and should resolve
over time [2].
Chest X-rays are the main imaging tools in intensive care
units. Chest X-rays also are associated with concerns inherent
to their use, considering both healthcare givers and patient
perspectives. In the recent years; several studies have focused
on the feasibility of lowering the number of bedside chest X-
rays performed in the intensive care unit. Such a decrease
may result from two independent and complementary pro-
cesses: a raw reduction of chest X-rays due to the elimination
of unnecessary investigations and replacement of the chest X-
rays by an alternative technique [3].
Routine chest X-rays theoretically have two main advan-
tages. First, some potentially life-threatening situations that
might otherwise be missed could be discovered and treated.
Second, scheduling chest X-rays during morning rounds might
be more efﬁcient on a logistical point of view. In contrast, the
on-demand strategy might avoid unnecessary radiation expo-
sure and provides substantial cost savings [4].
The radiological diagnostic approach of the thorax in the
critically ill patient has traditionally been based on anteropos-
terior chest X-rays. However, it is generally accepted that it
has important limitations regarding its diagnostic accuracy
of pleuro-pulmonary diseases. The introduction of computed
tomography largely solved this problem, but with the dual dis-
advantage of a larger radiation dose and the unavoidable
transportation outside the intensive care unit. In this context,
the lung ultrasound has become an alternative technique, with
the advantage that due to its portability, it is done at the
patient’s bedside [5].
Ultrasonographic examination in pulmonology provides a
revolutionary advance because it is very helpful in the diagno-
sis and management of various pleural and peripheral pul-
monary defects. Lung ultrasonography allows the clinicians
to diagnose some pulmonary abnormalities more rapidly,including the diagnosis of pleural effusion. Ultrasound exami-
nation also provides great assistance for the clinicians to per-
form invasive techniques in the ﬁeld of pulmonology, which
may increase the success rate and reduce the likelihood of com-
plications [6].
Chest ultrasonography has many uses, both diagnostic and
interventional. It is used in the diagnosis of diseases of the pleu-
ral space such as pleural effusion, pleural thickening, pleural
masses and pneumothorax. It is used also in the diagnosis of dis-
eases of the lung parenchyma such as pneumonia and lung
abscesses, neoplasms, pulmonary embolism and arteriovenous
malformations. It can also be used in the diagnosis of diseases
of the chestwall such as enlarged lymphnodes, rib abnormalities
and also diaphragmatic abnormalities like diaphragmatic paral-
ysis. Chest ultrasonography can also be used in interventional
procedures of the pleural space such as thoracocentesis and
pleural biopsy. In lung cancer, the peripheral lung tumors that
are in contact with or near the pleural surface can be safely biop-
sied under ultrasound guidance [7].Patients and methods
The present study was conducted upon twenty-ﬁve mechani-
cally ventilated patients (16 male patients and 9 female
patients), with a mean age of 58.8 years (SD ± 15.64) who
were admitted at the Respiratory Intensive Care Unit of the
Ain Shams University Hospital during the period from
October 2012 to May 2013.
All patients were subjected to the following:
- Initial clinical assessment upon recruitment in the study,
then daily follow up for acute signs of improvement or
deterioration. Clinical assessment included:
 Blood pressure; systolic between 100 and 140 mmHg,
and diastolic between 60 and 90 mmHg. [8].
 Temperature; ranging between 36.8 C and 38.2 C. [8].
 Pulse rate; ranging between 60 and 100 beats per minute
[8].
 Chest inspection, percussion and auscultation for inten-
sity and type of breath sounds and for adventitious br-
eath sounds.
 Oxygen saturation.
- Daily arterial blood gases and other routine laboratory
investigations as needed.
- Mode of mechanical ventilation.
- Daily chest X-ray as requested by treating physicians.
- Daily chest ultrasonography.
Chest ultrasound examination was done for patients on
mechanical ventilation on the ﬁrst day of enrollment prior to
Figure 1 Mindray DP 1100 ultrasound machine.
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examination was done over the entire period of mechanical
ventilation with comparison of examination results with that
of chest X-ray.
Chest ultrasound examination methodology
- Mindray DP 1100 ultrasound machine with double probe
was used for examination of patients (Fig. 1).
- Examination was done using a 3.5C (bandwidth 2–5 MHz)
convex phased array probe. The probe was placed vertically
along each space of (mid- clavicular line ‘‘MCL’’, anterior
axillary line ‘‘AAL’’, posterior axillary line ‘‘PAL’’) on both
sides. Data were displayed on a screen.
The following ﬁndings were screened in each patient:
- Pleural sliding: Normally, the two pleural surfaces move
across each other during the respiratory cycle. This causes
the ﬁnding of lung sliding, which is seen as movement of
the pleural line in synchrony with the respiratory cycle [9].
- A Lines: Their depth is multiplicative of the distance
between the skin surface and the pleural line. A-lines indi-
cate air, whether physiologic or pathologic [9].
- B Lines: Computed topographic correlations showed that B
lines are related to the presence of interstitial or interstitial-
alveolar edema [10].
- Moving air bronchogram: indicating consolidation.
- Atelectasis: Lung atelectasis is characterized by partial or
complete absence of ventilation. Compression atelectasis
is caused by voluminous pleural effusion. It is largely
apneumatic and liver-like [11].
- Diaphragm: detecting any abnormalities in diaphragmatic
mobility, and evaluation of the presence of pleural effusion.
Chest X-ray methodology
Antero-posterior chest X-ray (CXR) was done to the patients
in supine or semi sitting position using portable X-ray equip-
ment. Then follow up CXR was done during the period of
mechanical ventilation as requested by treating physicians.
CXR was assessed for ﬁndings suggestive of pleural effusion,
pneumothorax, lung consolidation, lung collapse or regional
atelectasis.
Statistical methodology
The collected data were revised, coded, tabulated and intro-
duced to a personal computer using Statistical Package for
Social Science (SPSS 15.0).
Data were presented and suitable analysis was done accord-
ing to the type of data obtained for each parameter.
i. Descriptive statisticsn Mean.
n Standard deviation (±SD).
n Minimum and maximum values (range) for numeri-
cal data.
n Frequency and percentage of non-numerical data.ii. Analytical statistics
n Independent-Samples T test was used to assess the
statistical signiﬁcance of the difference between two
study group means.
n Chi-Square test was used to examine the relationship
between two qualitative variables.
n Mc Nemar test was also used.The probability (P) value (level of signiﬁcance) was calculated
as
- P> 0.05: Non-signiﬁcant.
- P< 0.05: Signiﬁcant.
- P< 0.01: Highly signiﬁcant.
Results
The study was conducted upon twenty ﬁve mechanically venti-
lated patients (16 males and 9 females) with mean of age 58.8
(SD ± 14.64) years, who were admitted at the Respiratory
ICU of Ain Shams University Hospital during the period
between October 2012 and May 2013.
Table 1 shows that there was a highly statistical signiﬁcant
discrepancy between initial chest ultrasound and initial chest
X-ray in the diagnosis of pleural effusion (chest ultrasound
diagnosed 10/25 = 40%, chest X-ray diagnosed 2/25 = 8%),
but it shows no signiﬁcant difference in the diagnosis of con-
solidation and lung collapse.
Table 2 shows that there was a highly statistical signiﬁcant
discordance between chest ultrasound and chest X-ray at the
end of the study in the diagnosis of pleural effusion (chest
ultrasound diagnosed 11/25 = 44%, chest X-ray diagnosed
2/25 = 8%). There was no signiﬁcant difference in the diagno-
sis of consolidation and lung collapse.
Table 3 shows that there was a statistically signiﬁcant cor-
relation between follow-up chest ultrasound ﬁndings and the
clinical changes in cases with lung consolidation and pleural
effusion, while there was no signiﬁcant correlation in cases
with lung collapse.
Table 4 shows that there was statistically signiﬁcant corre-
lation between follow-up chest X-ray ﬁndings and the clinical
Table 1 Comparison between initial ultrasound and initial
chest X-ray ﬁndings.
Variables Ultrasound X-ray P-value Signiﬁcance
Consolidation:
Negative 9 36.0 10 40 0.5 NS
Positive 16 64 15 60
Collapse:
Negative 22 88 24 96 0.3 NS
Positive 3 12 1 4
Eﬀusion:
Negative 15 60 23 92 0.004 HS
Positive 10 40 2 8
Table 2 Comparison between follow-up chest ultrasound and
chest X-ray ﬁndings.
Variables Ultrasound X-ray P-value Signiﬁcance
Consolidation:
Negative 8 32 7 28 0.5 NS
Positive 17 68 18 72
Collapse:
Negative 21 84 24 96 0.2 NS
Positive 4 16 1 4
Eﬀusion:
Negative 14 56 23 92 0.009 HS
Positive 11 44 2 8
Table 3 Correlation between follow-up chest ultrasound
ﬁndings and clinical progress.
Variables Clinical improvement P-value Signiﬁcance
Not
improved
Improved
N % N %
Consolidation:
Negative 0 0 8 50 0.01 HS
Positive 9 100 8 50
Collapse:
Negative 7 77.8 14 87.5 0.5 NS
Positive 2 22.2 2 12.5
Eﬀusion:
Negative 3 33.3 12 75 0.05 S
Positive 6 66.7 4 25
Table 4 Correlation between follow-up chest X-ray ﬁndings
and clinical progress.
Variables Clinical improvement P-value Signiﬁcance
Negative Positive
N % N %
Consolidation:
Negative 0 0 7 43.8 0.02 S
Positive 9 100 9 56.2
Collapse:
Negative 9 100 15 93.8 0.6 NS
Positive 0 0 1 6.2
Eﬀusion:
Negative 8 88.9 15 93.8 0.6 NS
Positive 1 11.1 1 6.2
Table 5 Correlation between initial and ﬁnal chest ultrasound
ﬁndings.
Variables At the beginning P-value Signiﬁcance
At the end: Negative Positive
N % N %
Consolidation:
Negative 6 66.7 2 12.5 1.0 NS
Positive 3 33.3 14 87.5
Collapse:
Negative 21 95.5 0 0 1.0 NS
Positive 1 4.5 3 100
Eﬀusion:
Negative 14 60.9 1 50 0.7 NS
Positive 9 39.1 1 50
Table 6 Correlation between initial and ﬁnal chest X-ray
ﬁndings.
Variables At the beginning P-value Signiﬁcance
At the end: Negative Positive
N % N %
Consolidation:
Negative 7 70 0 0 0.3 NS
Positive 3 30 15 100
Collapse:
Negative 24 100 0 0 1.0 NS
Positive 0 0 1 100
Eﬀusion:
Negative 23 100 0 0 1.0 NS
Positive 0 0 2 100
860 M.M. Khalil et al.changes in cases with lung consolidation, while there was no
signiﬁcant correlation in cases with lung collapse and pleural
effusion.
Table 5 shows that there was no statistically signiﬁcant dif-
ference between the existing chest ultrasound ﬁndings at the
beginning and at the end of the study. The changes in the
extent of the ﬁndings, however, were not studied.
Table 6 shows that there was no statistically signiﬁcant dif-
ference between the existing chest X-ray ﬁndings at the begin-
ning and at the end of the study. The changes in the extent of
the ﬁndings, however, were not studied.
It should be noted that ﬁve patients in this study had no
abnormal ﬁndings in both chest X-ray and chest ultrasoundat the initial assessment and along the period of mechanical
ventilation and was calculated as negative for consolidation,
collapse and pleural effusion in the Tables 1–5.
It should also be noted that two cases with consolidation at
the beginning of examination developed later ARDS that was
evident in both chest ultrasound and chest X-ray.
Figs. 2–5 are those of a patient with right lower lobe pneu-
monia developed later ARDS that was evident in both chest
ultrasound and chest X-ray.
Figure 2 Initial chest X-ray of a mechanically ventilated patient
with right lower lobe pneumonia.
Figure 3 Initial chest ultrasound of the same patient showing
area of consolidation.
Figure 4 Follow up CXR revealing extension of the lesion
(ARDS).
Figure 5 Follow up chest ultrasound showing multiple B lines
correlated with CXR ﬁnding.
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It is common for a patient in the intensive care unit (ICU) to
undergo chest radiography on a daily basis, especially those
who are mechanically ventilated. Daily routine chest radio-
graphs are obtained in an attempt to ﬁnd a relevantabnormality that would otherwise not be detected. The
American College of Radiology’s Appropriateness Criteria
[12] recommend daily chest radiography for patients with acute
cardiopulmonary problems and for patients on mechanical
ventilation. However, this practice has been scrutinized and
may have little beneﬁt [8]. The recommendations of the
American College of Radiology are based on studies from
the 1980s and early 1990s that reported the high incidence of
new or unexpected ﬁndings seen on daily routine chest radio-
graphs. Additionally, it is generally accepted that chest X-ray
has important limitations regarding its diagnostic accuracy
of pleuro-pulmonary disease. Limitations of bedside CXR
have been well described and lead to poor-quality X-ray ﬁlms
with low sensitivity. Indeed it has been shown that, even under
carefully controlled exposure conditions, more than 30% of
the X-ray ﬁlms are considered suboptimal. Finally, there is
poor correlation between CXR ﬁndings and those of CT.
Nevertheless, despite these limitations bedside CXR remains
the daily reference for lung imaging [13].
The introduction of computed tomography largely solved
this problem, but with the dual disadvantage of a larger radi-
ation dose and the unavoidable transportation outside the
ICU which is potentially unsafe for mechanically ventilated
patients. Lung ultrasound has become an alternative tech-
nique, with the advantage that due to its portability, it is done
at the patient’s bedside. Ultrasonography may ﬁnd a solution
for the debate about the utility of daily routine chest radiogra-
phy of mechanically ventilated patients in detecting unex-
pected or new ﬁndings as weighted against the shortcomings
of chest X-ray. Nowadays, bedside lung ultrasound is increas-
ingly used in patients managed in ICUs. It has been shown in
patients with acute respiratory distress syndrome (ARDS) that
compared to bedside CXR; lung ultrasound has a higher diag-
nostic accuracy for pleural effusion, consolidation, and inter-
stitial syndrome [8]. This is virtually what the present study
has found.
This study was conducted upon 25 mechanically ventilated
patients (16 male patients and 9 female patients), with a mean
age of 58.8 (SD ± 15.64) years. Initial chest ultrasound was
more sensitive in detection of pleural effusion (40% of cases)
than chest X-ray (8% of cases). This superiority of chest ultra-
sound over chest X-ray persisted in follow up studies (44%,
862 M.M. Khalil et al.8% respectively). In the present study we only compared the
elementary radiographic and ultrasonographic pattern without
a third imaging modality as a judging method between chest
ultrasound and chest X-ray; therefore, only the concordance
between the two modalities was examined. In the study of
Xirouchaki et al. [14], which was conducted upon 42 mechan-
ically ventilated patients who underwent thoracic CT by the
primary physician, sensitivity of chest ultrasound was 100%.
In Rocco et al. [15] study, who used chest CT as a reference
modality, the sensitivity of chest ultrasound in the diagnosis
of pleural effusion was 92%, while in chest X-ray, it was 23%.
In a study on 404 patients at the emergency department of
the Careggi University Hospital with chief complaints of acute
dyspnea, all patients underwent both chest ultrasound and
chest X-ray. In 118 patients, when there was a mismatch
between chest ultrasound scan and plain radiography, chest
CT scanning was performed. The study showed a high concor-
dance between chest ultrasound and chest radiograph in a
majority of cases that presented with acute dyspnea in the
ED especially for free pleural effusion and pneumothorax
[16]. In this study, it was concluded that chest ultrasonography
represents a diagnostic modality at least as accurate as a chest
radiograph with the advantage of a shorter time delay neces-
sary to have the ﬁnal medical report and no ionizing radiation
exposure.
As regards consolidation, there was no statistically signiﬁ-
cant difference between chest ultrasound (consolidation was
detected in 16 out of 25 of cases) and chest X-ray (consolida-
tion was detected in 15 out of 25 of cases) at the initial studies,
and also along the follow up period, chest ultrasound depicted
consolidation in 17/25 patients, while chest X-ray depicted
consolidation in 18/25 patients. These ﬁndings match with
Zanobetti et al. [16], but do not agree with Xirouchaki et al.
[14] study, who used chest CT as a reference modality, and sen-
sitivity of the chest ultrasound in the diagnosis of lung consol-
idation was 100% against chest X-ray with a sensitivity of
38%. Also, sensitivity of chest ultrasound in the diagnosis of
consolidation in Lichtenstein and Meziere [17] study and
Noble et al. [18] study, was 90 %.
In the Bedside Lung Ultrasound in Emergency (BLUE)
protocol, [17] performed ultrasonography on consecutive
patients admitted to the ICU with acute respiratory failure,
comparing lung ultrasound on initial presentation with the
ﬁnal clinical diagnosis by the ICU team. In this clinical setting,
ultrasonography provided a correct diagnosis in 90.5% of
cases.
In the follow up of ﬁve mechanically ventilated patients
with no obvious radiologic abnormalities on chest X-ray, ini-
tial and follow-up ultrasound was also free and detected no
localized abnormality. These cases were ventilated for an acute
decompensation of COPD and they were labeled as having
negative radiologic signs in the present study. Despite the lim-
ited number of these patients in our study, they throw light on
the validity of chest ultrasound in routine follow up of patients
mechanically ventilated for acute decompensation where there
is no localized abnormality on initial chest X-ray. These
patients represent a signiﬁcant proportion of mechanically
ventilated patients in Respiratory ICUs.
In our study, there was statistically signiﬁcant relationship
between chest ultrasound ﬁndings in cases with pleural effu-
sion and in cases with consolidation, and clinical progress.
Reissig et al. [19] reported high sensitivity of lung ultrasoundas compared to chest X-ray in diagnosis and follow up of com-
munity acquired pneumonia and para pneumonic effusion.
The sensitivity increased when lung ultrasound was combined
with auscultatory ﬁndings. We did not however assess this use-
ful combination.
Chest ultrasound, however, has limitations. It may not be
able to provide an abnormality condition overview globally.
Ultrasound examination cannot also be used to determine
the location of devices (e.g., endotracheal tube, central venous
catheter, nasogastric tube) in the chest cavity properly.
Ultrasound examination is difﬁcult in patients with subcuta-
neous emphysema, anasarca edema and obesity and it is oper-
ator dependent.
Conclusions
 Chest ultrasound is a reliable tool for evaluation of
mechanically ventilated patients.
 Chest ultrasound is more sensitive than chest X-ray in
detection and follow up of pleural effusion.
 There is high concordance between chest ultrasound and
chest X-ray in cases with consolidation and collapse.
 There is correlation between chest ultrasound ﬁndings and
the clinical progress in patients with pleural effusion and
in cases with consolidation.
 There is concordance between chest ultrasound and ‘‘unre-
markable’’ chest X-ray. So, it can replace routine daily chest
X-ray in follow up of stable/improving mechanically venti-
lated patients.
Recommendations
Mechanically ventilated patients should have an initial chest
X-ray and chest ultrasound. Chest ultrasound can be used
thereafter in imaging follow up of clinically stable patients.
Chest X-ray can be repeated in patients with worsening clinical
condition and be compared to new ultrasonographic ﬁndings.
Conﬂict of interest
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